Background: Obesity has emerged as one of the most serious public health concerns in the twenty-first century. Currently, bariatric surgeries are considered to be the only successful, long-term therapy available for weight loss in morbid obese subjects. Recent research has focused on sleeve gastrectomy (SG) as a "cure" for comorbid conditions like diabetes mellitus. Materials and methods: This hospital-based prospective study was conducted in 50 morbid obese subjects with type 2 diabetes mellitus (T2DM) aged 20-40 years to evaluate glycemic indices and insulin resistance before and after SG at 9 and 12 weeks. Fasting plasma glucose was estimated using the glucose oxidase peroxidase method and serum insulin by the electrochemiluminescence method in automated analyzers. Insulin resistance was calculated using the homeostatic model assessment of insulin resistance (HOMA-IR) calculator. Data analysis was done using SPSS ver. 18 employing the ANOVA and Tukey's post hoc test. Results: A total of 50 cases were included in the study (19 women, 31 men; aged 20-40 years; duration of diabetes <10 years). Fasting plasma glucose and HOMA-IR decreased significantly (p < 0.05) at 9 and 12 weeks follow-up after SG. Conclusion: The present study conducted in morbid obese patients with T2DM highlights the fact that SG procedure showed early beneficial effects on the glycemic status as well as an improvement in the insulin sensitivity rather than an increased insulin secretion. Clinical significance: The improved glycemic status in this study along with an understanding of the underlying mechanisms could not only provide an insight into the pathophysiology of "diabesity" but also assist in the development of a better therapeutic approach for long-term remission of diabetes in obese patients.
IntroductIon
The rapidly increasing prevalence of obesity, with morbid obesity affecting about 5% of India's population, has become a major public health concern. 1 Studies have indicated that obesity is responsible for more than 2.8 million deaths worldwide per year owing to an increased prevalence of its comorbidities like type 2 diabetes mellitus (T2DM), hyperlipidemia, hypertension, etc. 2, 3 Literature data have shown that weight loss after pharmacotherapy or diet restrictions are not very effective in the long run. 4 In such a scenario, bariatric surgeries intended for weight loss seem to fill the gap. In addition to weight loss, studies have shown remarkable diabetes remission in short-to medium-term follow-up, particularly after Roux-en-Y gastric bypass and SG. [5] [6] [7] [8] [9] The benefits of SG, one of the restrictive bariatric methods, include not only food intake control as a consequence of reduced gastric volume but also influences gut hormones like insulin, glucagon-like peptide 1 (GLP-1), and ghrelin, which control energy metabolism. 10, 11 Given the unrelenting diabetes crisis with more than 60% of diabetics being obese, 12 new efficient therapies for management of this combination of diabetes and obesity, "diabesity," fetch the interest of researchers and clinicians alike. 9 Keeping this in mind, the present study was taken up to estimate and compare the changes in the glycemic status and insulin resistance in morbid obesity T2DM patients undergoing SG.
MAterIAls A n d Methods
A hospital-based prospective study was conducted in 50 morbid obese patients (BMI > 35 kg/m 2 ) 2 of either sex aged 20-40 years diagnosed with T2DM of less than 10 years duration who agreed to undergo bariatric surgery willingly. These patients were taken from the Metabolic and Bariatric Surgery Department of SAIMS Hospital during a period of 1 year. Detailed clinical assessment including medical history, clinical examination, and comorbidity evaluation was done by a multidisciplinary consulting team followed by estimation of fasting plasma glucose and insulin resistance at baseline (before surgery) and compared with the status after surgery, i.e., at 9 weeks and 12 weeks follow-up visits post SG. Patients with diabetes of more than 10 years duration, hypo-or hyperthyroidism, Cushing syndrome, history of convulsions, liver and kidney disease, ischemic heart disease, rheumatoid arthritis, chronic alcoholism, and pregnant women were excluded from this study along with those on hormonal contraceptives, diuretics and herbal treatment, and patients who had undergone bariatric surgery in the past. All procedures performed in this study were approved by the Institutional Ethics Committee and in accordance with the 1964 Helsinki Declaration and its later amendments. A written informed consent was obtained from all the subjects before enrolment into the study.
Biochemical Analysis
Serum from fasting venous blood samples was separated by centrifugation (4,000 rpm for 10 minutes) within 30 minutes of collection into vacutainers and stored at −20°C till further analysis. Fasting plasma glucose were estimated on a daily basis by the glucose oxidase peroxidase method in a HITACHI-902 automated analyzer. Serum insulin estimation was done using electrochemiluminescence immunoassay in an ELECSYS-2010 analyzer. Insulin resistance was then computed using the homeostasis model assessment (HOMA) calculator.
Statistical Analysis
Statistical analysis was done using SPSS ver. 18 employing ANOVA for intergroup comparison of means with Tukey's as the post hoc test. p < 0.05 was considered statistically significant.
results
Following the inclusion and exclusion criteria, a total of 50 morbid obese patients (BMI > 35 kg/m 2 ) aged 20-40 years diagnosed with T2DM of less than 10-year duration were included in the study. Out of these, 19 were females and 31 were males ( Table 1) . Majority of study subjects (n = 37) were in the age range 30-40 years whereas 19 subjects were in the age group 20-30 years ( Table 2 ).
Statistical analysis showed that the data were normally distributed; therefore, a parametric test of significance (ANOVA) was applied.
There was a significant decrease in fasting plasma glucose levels at 9 weeks and 12 weeks follow-up after SG as compared to levels before surgery (Table 3 ). This improved glycemia was accompanied with an improvement in insulin sensitivity (as evident from a decrease in HOMA-IR values, which was statistically significant) ( Table 3) .
dIscussIon
This study aimed at analyzing the effect of SG on fasting plasma glucose and insulin resistance in morbidly obese patients with T2DM. The results revealed a significant improvement in glycemia and insulin sensitivity as observed at 9-week and 12-week follow-up visits after SG (Table 3 ). These results are in agreement with the findings of previous studies conducted in bariatric surgery cases. 2, [13] [14] [15] [16] [17] [18] [19] [20] One of the largest, longest-running prospective, nonrandomized, interventional trial, the Swedish Obesity Subjects Study (SOSS), 17 examined the effects of bariatric surgery on the glycemic status of about 4,000 obese patients over a 2-year follow-up. They observed a 60% decrease in plasma insulin and a 20% decrease in plasma glucose in patients undergoing surgery as compared to the conventionally treated controls. Several other authors like Hady et al., 20 Aminian et al., 15 and Hutter et al. 16 also reported similar decrease in the blood glucose levels in short-and medium-term follow-up after undergoing SG.
The literature regarding the effect of SG on insulin homeostasis is sparse and is limited to a follow-up duration up to 1 year post surgery. 18,21-23 Lee et al. 18 and Casella et al. 22 reported a decrease in insulin resistance rather than an increase in insulin secretion at 1 year after SG whereas Rizzello et al. 23 demonstrated a significant decrease in insulin resistance at 1 month after laparoscopic sleeve gastrectomy (LSG), which was independent of body mass reduction. Our study reveals similar results, showing an improvement in insulin resistance at 9 weeks and 12 weeks follow-up ( Table 3) .
The question of whether diabetes remission after bariatric surgery is mainly due to weight loss or weight loss-independent mechanisms remains controversial. Several other authors have postulated two main hypotheses, namely weight loss-based and weight loss-independent hormonal mechanism. 9,21,24 If glycemic improvement is due to diet control leading to weight loss, mechanisms involving control of appetite and energy balance are of importance; but if it involves mainly weight loss-independent effects, mechanisms of insulin secretion and its action on various organs should attract greater attention. 9 Number of studies focusing on long-term effects are ongoing, 5, 15, 25, 26 but very few data are available on the very early weight-independent effects of SG in patients with obesity and T2DM. In comparison to purely restrictive bariatric procedures such as gastric banding, glycemic control after SG often occurs before significant weight loss. 21 This finding suggests that control of the glycemic status may be a direct effect of the surgery rather than a consequence of weight loss. 21 Very low-calorie diets can significantly lower blood glucose and increase hepatic insulin sensitivity even before weight loss begins. 9 As little as 5% weight loss over a period of 4 years was highly effective for diabetes remission as shown in the Diabetes Prevention Program. 27 Although the study by Abu-Gazala et al. 28 points to changes in hepatic insulin sensitivity, exact mechanisms of weight loss-independent improvements in glycemic control after bariatric surgeries are still unknown. Several authors have postulated involvement of gut hormones like ghrelin and GLP-1, bile signaling, and changes in the gut microbiome. 9, 21, 29 These factors have been suggested to influence the metabolic response after bariatric surgery but very few of these have been directly tested and confirmed so far. Sista et al. 21 observed a decrease in ghrelin concentration and increased GLP-1 levels 3 days post SG and suggested that these gut hormones might play a pivotal role as ghrelin is known to inhibit glucose-induced insulin release leading to insulin resistance. Thus, removal of the gastric fundus might contribute to improved insulin sensitivity. On the other hand, the rapid transit of undigested food to the hind gut, due to enhanced gastric emptying after SG, seems to upregulate the secretion of GLP-1. Glucagon-like peptide 1 maintains blood glucose levels by upregulating insulin synthesis and proinsulin gene expression, as well as improving peripheral insulin sensitivity. 22, 23 Our study did not focus on hormonal aspects, hence contribution of these parameters could neither be excluded nor proven. Lee et al. 18 while defining remission of type II diabetes as fasting plasma glucose (FPG) <126 mg/dL and HbA1c <6.5% without any glycemic therapy noticed remission of up to 50% at 1-year follow-up of poorly controlled nonmorbidly obese T2DM patients undergoing LSG. They attributed this effect to the decreasing insulin resistance due to calorie restriction and weight loss rather than to enhanced insulin secretion.
In their systematic review and meta-analysis of T2DM after bariatric surgery, Buchwald et al. 30 demonstrated complete resolution in 62% of patients even 2 years after surgery. Similarly, Abbatini et al. 29 documented complete resolution in 73% of patients at 3 years of follow-up and improved glycemia in the rest. Neither the weight loss nor the degree of decrease in waist circumference was associated with resolution, suggesting that an additional mechanism may be involved.
While significant improvement in FPG and insulin sensitivity was a definitive finding in our study (Table 3) , a complete remission of diabetes was not observed till 12 weeks of follow-up. This may suggest the need for a longer duration of follow-up and pave the way for future research as the exact mechanisms involved are still unclear and continue to attract researchers in this field.
conclusIon
The present study conducted in morbid obese patients with T2DM highlights the fact that the SG procedure showed early beneficial effects on the glycemic status as well as an improvement in the insulin sensitivity rather than an increased insulin secretion. As an extension to the present study, further studies involving correlation with anthropometry are going on at our center in obese and morbid obese patients in an attempt to analyze further the weight lossdependent and weight loss-independent hormonal mechanisms contributing to remission of T2DM in obesity.
strengths A n d lIMItAtIons
The rare selection of SG patients as the study group adds to the novelty of this study. Inclusion of studying the biochemical parameters at two consecutive follow-up visits and comparing them with the baseline presurgical values strengthens the reliability of the study results.
A possible limitation could be the relatively smaller sample size and a short follow-up period. The weight loss could not be statistically evaluated due to loss of follow-up data on anthropometry after surgery.
Future scope o F t h e study
Further longitudinal studies in a larger sample size including estimation of postprandial glucose and HbA1c are desirable to confirm these results.
clInIcAl sIgnIFIcAnce
Interpretation of the improved glycemic status in this study along with an understanding of the exact mechanisms underlying this significant improvement could not only provide an insight into the pathophysiology of "diabesity" but also assist in the development of a better therapeutic approach for long-term remission of diabetes in obese patients.
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